Stellar feedback, expanding H II regions, wind-blown bubbles, and supernova remnants are the most important triggering mechanisms of star formation, and stellar associations, being hosts of significant numbers of early-type stars, are the loci where such mechanisms may act. We present evidence that this is the case of the association NGC 346, related to the nebula N 66, the brightest H II region in the Small Magellanic Cloud. We find that except of the central part of N 66, where the bright stellar OB content of the association is concentrated, an arc-like nebular feature, north of the association, includes the most recent star formation. This feature is characterized by a high concentration of emission stars and young stellar objects, as well as embedded sources seen as IR-emission peaks coinciding with young compact clusters of low-mass pre-main sequence stars, and therefore it encompasses the most current star formation in the region. We argue that star formation in the northern arc of N 66 was triggered by the rear side of an expanding H II region or a wind-blown bubble few Myr ago, and we propose a scenario according to which this mechanism in addition to the photo-ionizing OB stars of the association shapes the current star formation history of NGC 346/N 66.
INTRODUCTION
Massive OB stars, not having an optically visible pre-main sequence (PMS) contraction phase (e.g. Stahler & Palla 2005) , appear almost immediately after their birth on the main sequence. They are mostly grouped in stellar associations, loose concentrations of stars, which host also significant numbers of intermediate-and low-mass PMS stars (e.g. Gouliermis et al. 2006; Briceño et al. 2007 ). When the far-UV radiation of the bright OB stars reaches the surface of the parental molecular cloud, a photo-dissociated region (PDR) develops. Nebula LHA 115-N 66 or in short N 66 (Henize 1956) , the brightest H II region in the Small Magellanic Cloud (SMC), being very rich in early-type stars, is certainly an excellent example of an extragalactic PDR. The stellar association NGC 346, located in the central part of the nebula, hosts the largest sample of 33 spectroscopically confirmed OB stars in the SMC (Massey et al. 1989) , which have been the subject of several previous investigations (Niemela et al. 1986; Walborn et al. 2000; Evans et al. 2006) . These massive stars evolve rapidly, and immediately start to ionize the cloud, blowing its material away.
A correlation, characteristic of a PDR, between H 2 infrared emission and CO lines, is determined for the region of NGC 346/N 66 by Contursi et al. (2000) and Rubio et al. (2000) . These authors define the "bar" of N 66 as the oblique bright emission region extending from southeast to northwest centered on NGC 346. They suggest that star formation has taken place as a sequential mechanism at the bar of N 66, resulting in several embedded sources, seen as IR-emission peaks in the 2.14 µm H 2 line and the ISOCAM LW2 filter (5 -8 µm). These peaks are alphabetically numbered from "A" to "I" , with the association NGC 346 itself coinciding with peak "C". However, recent evidence of the existence of young clusters of PMS stars away from the bar of N 66 to the north of the association (Hennekemper et al. 2007; Sabbi et al. 2007 ), which coincide with some of the IR-peaks (also detected with Spitzer; see also §2.1), cannot be explained by the scenario of sequential star formation in the bar of N 66 alone.
In this letter we consider the findings from previous investigations of the region NGC 346/N 66 to present a clear understanding of the mechanisms that shape the recent star formation of this outstanding extragalactic star-forming region. In order to answer the question if the photo-dissociation process by the early-type stars of NGC 346 is the only star formation mechanism that takes place in the region, we present in the following sections evidence that this region has a far more complicated recent star formation history than what was previously considered, and we propose a scenario to explain its structure. (Bolatto et al. 2007; Simon et al. 2007 ). These sources cover well the bar of N 66, in agreement with the distribution of the PMS stars found with ACS photometry (Hennekemper et al. 2007; Sabbi et al. 2007) , and they coincide with the emission peaks of this area (peaks A, B, C, D, E, H and I; see also Fig. 8 in Rubio et al. 2000) . However, another important concentration of YSOs is located to the north of the bar, coinciding with two additional emission peaks (peaks F and G) and with a second concentration of PMS stars, which forms an arc-like feature, extending from southwest to northeast. The HST/ACS image of the region in Hα (Hennekemper et al. 2007 ), the 8µm Spitzer image (Simon et al. 2007) , as well as the maps of the CO(2−1) line emission (Rubio et al. 2000) give further support for the existence of this feature.
Three of the PMS clusters identified by both Hennekem-per et al. (2007) and Sabbi et al. (2007) in the region are located in this arc-like feature, and they coincide with both emission peaks (clusters 2a, 2b, and 3 in Hennekemper et al. 2007 , which correspond to clusters Sc-13, Sc-14, and Sc-15 in Sabbi et al. 2007 ). These clusters are found to include a PMS population somewhat younger than that of the bar, implying that they are more recently formed. Furthermore, the locations of the emission line stars found by these authors outline this feature. These facts clearly suggest that indeed star formation currently takes place in an arc-like feature away from the bar of N 66, northeast of NGC 346. This feature can be easily distinguished in the color-composite image shown in the left panel of Fig. 1 . We constructed this image from observations of the general area around NGC 346/N 66 with XMM-Newton in X-rays (blue), ESO NTT in [O III] (green) and Spitzer/IRAC in the 8µm band (red). The XMM-Newton observations have ID 0110000201 (PI: J. Bleeker), and they have been used in variability studies of X-ray sources (Nazé et al. 2004 ) and in the investigation of high mass X-ray binaries (Sasaki, Pietsch & Haberl 2003; Shtykovskiy & Gilfanov 2005) The shape and orientation of the star-forming arc away from NGC 346, located at the top left part of the image, suggests that it cannot be produced by the photo-dissociation of the cloud by the ionizing stars of the association. If so, there should be another mechanism that triggered star formation in the arc-like feature.
A Multi-wavelength Image of NGC 346/N 66
Two extended X-ray bright, almost circular, features can be seen in Fig. 1 (left), located to the east and east-northeast of NGC 346 respectively (left part of the image). The northernmost feature is almost centered on the remarkable massive binary (suspected also to be a triple system) HD 5980, located at 00:59:26.55 −72:09:53.8 (J2000). This object, which underwent a luminous blue variable (LBV) type eruption in 1994 is also known as Sk 78 (Sanduleak 1968) 4 . Its spectral variations are unique: Before 1980 this object was classified as WN+OB, then it changed to WN3+WN4 for the period 1980 -1983 , and to WN6 in 1992 . In 1994, after the LBVeruption, it turned to WN11. The high X-ray emission of HD 5980 makes it comparable to the X-ray-brightest single WN stars (Wessolowski 1996) and the brightest WR+OB binaries (Pollock 2002 ) of the Galaxy.
The nature of HD 5980 is investigated in detail with Chandra observations of NGC 346 by Nazé et al. (2002) , who note that the fast wind from the post-eruptive phase which now collides with the slow wind which was ejected during the eruption is probably the reason for its high X-ray brightness. Such collisions have been observed for other LBVs, i.e. η Carinae in the Milky Way. However, in contrast to η Carinae, HD 5980 did not have the time to develop a LBV nebula around it yet. Another explanation for the high X-ray lumi-nosity of HD 5980 is the collision of the winds from its two close, very massive stellar binary components. In the image of Fig. 1 (left) an extraordinary agreement between the edge of the X-ray nebula (in blue) around HD 5980 and gas presumably photo-ionized seen in [O III] (in green) is present. The [O III] emission gives evidence of heated gas also further away from HD 5980 to the west. The northern arc-like nebular feature (seen in green-red in Fig. 1 ) is perfectly outlined by YSOs, IR peaks, and young PMS stars (discussed in § 2.1), and the 8µm mid-infrared component of the color image (shown in red) gives further information about dust emission from this star-forming arc. Specifically, the northern part of this arc (which includes two PMS clusters and one IR-emission peak), suggests that there is probably still some undisrupted cloud in this part of the region (see also the CO map by Rubio et al. 2000) .
The above observations provide clear evidence that the current star formation away and to the north of the N 66 bar could be associated with the action of HD 5980. Indeed, Walborn (1978) notes that the arcs seen in Hα and [O III] are an indication that HD 5980 interacts with its environment, but from comparisons between X-ray and visible data, Nazé et al. (2002) argue that the bright, extended X-ray emission around HD 5980 is most probably due to a supernova remnant (SNR) whose progenitor is unknown. These authors also note that the spatial coincidence of this extended X-ray emission with the peculiar massive star implies an association between the two objects. In the following sections we provide evidence that the star formation at the northern part of the N 66 nebula was triggered by the progenitor of this SNR.
Supernova Remnants in H II Regions
Core-collapse supernovas (SN) often arise from massive stars in associations-the same massive stars that photo-ionize their surrounding gas and create bright H II regions (e.g. Chu 1997). Massive SN progenitors do not migrate far from their birthplaces in their short lifetimes, and when they explode their SN-driven shock-waves can trigger cloud collapse, enhancing star formation in the vicinity of their parental associations. Numerical studies (e.g. Vanhala & Cameron 1998; Fukuda & Hanawa 2000) show that shock-waves with velocities in the range of 15 -45 km s −1 , corresponding to supernova explosions at a distance between 10 pc and 100 pc from the molecular cloud can induce such a collapse.
In the case of the region of NGC 346/N 66, previous studies show that the general area is characterized by at least three known SNRs (Ye et al. 1991; Reid et al. 2006) 5 : SNR B0056−724 (also known as SNR 0056−72.4), located to the southwest of the region, SNR B0056−725 (or SNR 0056−72.5) to the west, and SNR B0057−724 (or SNR 0057−72.2) to the east. The first two are located away from the main part of the region and outside the field-of-view shown in Fig. 1 . The third SNR (B0057−724), though, is located close to the central part of NGC 346/N 66, and actually is the SNR associated with the extended emission around HD 5980. Nazé et al. (2002) describe the shape of this region as rectangular with an extension to the northeast. Its brightness is rather uniform with the exception of some dark arcs. Its size is ≃ 37 × 29 pc. Indeed, the strong X-ray and radio source of this extended emission is considered to be SNR (red) is shown. A SNR, named B0057−724, clearly visible from the bright circular X-ray emission around it, is at the left of the image. A photo-ionizing front shown greenish, embracing the X-ray emission of the SNR is also clearly seen to appear brighter to the west of the remnant. Further away, at least two distinct shock-like features can be seen in [O III] . The red component of the image exhibits the locations where ongoing star formation is present, as seen from the mid-infrared dust emission. Two major reddish arc-like features are apparent. The one to the south, south-west of the central part of the bar of N 66 (where the association NGC 346 is located) is considered to be the product of the energy output from the OB stars of the association. The other to the north, north-east of the bar of N 66 coincides very well with a shock-wave coming from the direction of SNR B0057−724. The synergy of both these strong energy sources seems to define the recent star formation history of the region. Right: Schematic representation of the proposed star formation scenario, according to which the massive progenitor of SNR B0057−724 triggered current star formation at the north of the N 66 bar through its wind-blown bubble. The colored isodensity contour map, constructed from star counts of both bright main sequence and faint PMS stars of the region (Hennekemper et al. 2007) , is shown in the background to demonstrate the geometry of the youngest stellar concentrations. The southern gaseous arc produced by the photo-ionizing action of the OB stars of the association and the arc located to the north of NGC 346 shaped by the wind-blown bubble, are drawn with red thick curves. The locations of the SNR, HD 5980, Sk 80 and significant PMS clusters and H II regions are also indicated. B0057−724 (see Reid et al. 2006) . This SNR has been studied in Hα with echelle spectroscopy by Chu & Kennicutt (1988) , who observed high-velocity, shock-accelerated material within the boundary of the SNR that is distinct from the low-velocity quiescent material in the H II region. It was also identified in the radio by Ye et al. (1991) , who offer an explanation of why SNRs are expected to be found near the edge of H II regions based on the argument that sequential star formation is expected to occur about 2.5 Myr after and 10 -15 pc away from the previous generations, as massive stars move away from their birthplaces (Elmegreen & Lada 1977) . UV analyses with the International Ultraviolet Explorer (de Boer & Savage 1980) , HST STIS (Koenigsberger et al. 2001) , and Far-Ultraviolet Spectroscopic Explorer (FUSE; Hoopes et al. 2001 ) have also confirmed the presence of an expanding structure. Danforth et al. (2003) measured the velocity of the SNR emission with FUSE, and they found high-velocity features with increasing velocity towards the center, across the whole face of SNR B0057−724, typical for an expanding shell. The fastest emission (v ∼ +335 km s −1 ) is found at about 4 pc south of HD 5980 and is consistent with the peak in X-ray brightness. From X-ray and radio images these authors set the center of the SNR at 00:59:27 −72:20:15 (J2000). Danforth et al. also discuss the relationship between SNR B0057−724 and N 66, and they conclude that the detection of [O VI] emission together with the Hα kinematics imply the presence of a strong shock in N 66 associated with SNR B0057−724.
Taking into account the above a reasonable question is if a shock driven by SNR B0057−724 can serve as a secondary triggering mechanism that gave birth of the star-forming arc north of the bar of N 66. Considering that the expected visibility timescale for an isolated SNR ammounts to less than ∼ 0.1 Myr (e.g. Williams et al. 2004) , the answer to this question is negative, because the ages of the compact PMS clusters located in the nebular arc, as estimated by Hennekemper et al. (2007; τ ∼ < 2.5 Myr), and by Sabbi et al. (2007;  τ ≈ 3 ± 1 Myr) do not fit to this timescale. Although there is high probability that the action of this SNR may enhances the star formation process, it cannot be considered as the triggering mechanism of the nothern star-forming arc. In this case how this feature was formed? 3. A STAR FORMATION SCENARIO Danforth et al. (2003) propose a topology of the region, in which a roughly spherical SNR is located on the near side of N 66, basically closer to us than NGC 346 itself. Consequently the rear side of the SNR is propagating into relatively denser ionized nebula, while the near side is propagating through the more diffuse SMC ISM, and is harder to be detected. The X-ray emission arises over a spherical cap, where the shock has encountered and heated the denser material, for which Danforth et al. (2003) estimate a pre-shock density of ∼ 6 ± 2 cm 3 . According to these authors the remnant is not yet even halfway submerged in the N 66 material, and thus, the observed radius of X-ray emission (as observed by Nazé et al. 2002 and seen in Fig. 1 left) is smaller than the actual blast wave radius. HD 5980 and other UV-bright stars in the NGC 346 association are embedded within N 66, but HD 5980 lies behind the remnant, while NGC 346 is outside the SNR 6 . The combined stellar winds and thermal pressure have formed a slowly expanding envelope around NGC 346.
Massive stars during their main sequence lifetime photoionize H II regions or blow bubbles through their winds. Shocks associated with the ionization fronts or expanding bubbles can trigger cloud collapse, and this process lasts for a few Myr, the lifetime of the star during the main sequence phase. Such triggered star formation has been observed in the Milky Way, e.g. at the periphery of the H II region Sh2-219 (Deharveng et al. 2006) . When the massive star explodes as a supernova, it explodes inside the bubble blown by itself during its main sequence phase, and the produced SNR will have size similar to the bubble blown by the star. This will create the picture of a SNR with star formation taking place on its edge, similar to what we observe at the northern part of N 66.
Taking these into account, we argue that the massive progenitor of SNR B0057−724 triggered recent star formation through its expanding bubble, producing the northern gaseous arc seen in [O III] and Hα. The induced star formation is apparent by the existence of PMS clusters, YSOs and IR peaks at a projected distance ∼ 18 pc and possibly at even larger distances from the SNR. The timescale also fits perfectly to the estimated ages for the PMS clusters. A schematic representation of this scenario is shown in the right panel of Fig. 1 , where the two important gaseous features, the southern part of the N 66 bar shaped by the photo-dissociation of the central OB stars and the northern arc induced by the SN progenitor, are drawn with red thick curves. Moreover, taking into account the fact that the star-forming arc, assumed to be part of a circle centered on the SNR (Fig. 1 right) , possibly extends also to the south, one may conclude that its northern part is projected closer to us, while its southern part is embedded in N 66 nebula.
It should be noted that HD 5980 could contribute to the process through a bubble blown by it during its main sequence phase, or that the action of even more massive stars in the region may also serve as the triggering agent of the northern arc-like feature. In any case the mechanism would be rather mild, similar to shell-like H II regions, with a central young cluster in an evacuated cavity, and with ongoing star formation triggered around their periphery, such as the regions of LH 13/N 11 (Heydari-Malayeri et al. 2000) in the LMC and NGC 602/N 90 (Gouliermis et al. 2007 ) in the SMC.
FINAL REMARKS
Considering that the formation of the young compact PMS clusters of the northern star-forming arc is induced by an H II region or a wind-blown bubble, the individual study of these clusters will provide further information on the products of triggered star formation in the region. However, the available ACS data, presented by both Hennekemper et al. (2007) and Sabbi et al. (2007) , being taken with the Wide Field Channel, are not deep enough to allow us an accurate measurement of the individual characteristics of the clusters, such as their Initial Mass Function and dynamical status. Data taken with the High Resolution Channel of ACS, which have been recently released (HST GO Program 10542), will be certainly part of a follow-up investigation of the properties of these young clusters.
In conclusion, based on the evidence presented here, we propose that the expanding H II region or bubble blown by the winds of the massive progenitor of SNR B0057−724, located at the eastern vicinity of NGC 346/N 66, acts as a secondary mechanism that shapes the recent star formation in this region, in addition to the photo-ionizing process of the OB stars of the association. The proposed scenario draws the picture of a unique case, in which the collaborative (or competitive) action of two major energy sources shapes the current star formation of an extraordinary and complicated extragalactic star forming region. 
